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,.b1e ~ . sp ike deneit;r 1 •••• or the •an• or parenul ron and or F$ progen1u 
aad ooerrto!ent• or v•.ri&b111t7(C.T.) cl&eeea or the 1nd1Y1dual rowe ot each 
pRent md ot the three groupe or Pz progeniea(homoqgoWJ danae. heteroa,ygous 0 
aad hoiiOJ~Ygoua lu). (Grown in 1927 a.t La, • Ut.ah) 
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J.OD llitf'ON f:l 'J' inber~ 1.1'1 
1 u .. 3et ~ 
the :UQD r- 4.66 ±.. o.u 111-
- to '.41 ± .18 .tl.Ur:lriers ~r ~ lnt:eu.O.W •hll• lax 
w .S.~pec~~ 
wll\c.-1-. ~r.d ~~"Q The th•« r!> 
wl!Se~ . 
• l 71 beMtJQ;~UJ 
T' per rGCil1a laHz.-
'?" "" "-+ 
ot *be 'e,fl-t• 
Table ~ . ;uilUo>GOo of "it for three grot.pe of r 3 pro;;onio:J for spike density coropared with a 11211 ratio 
(G-v-owY\ ll'l __ ,"l21 c1t lvoaol1, U.tah) 
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Group c 0 c - 0 2 I (C- 0 ) 1 (C- 0)2 
--c-·-
Ho.1ozyeous 
Dense 00.5 80 8.5 72.25 .0164. 
I 
Reterosygous& 177.0 171 s.o 36.00 .2034 
Homozygous II 
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'!'here is " r obnbly ~l1C ..,. ,',r f ctcr difference for J> ike density and 
there r:.ay be sc .e mi,or factors which 'llOdify thiz inheritance . T'nis would 
see11t to be indicated b,y the transgressive se.;re.:;ation which fails to recover 
t he III 0 18 parent al hoad densi t y and by the rather wide range in the homo-
z ~ous pr ~enies of bo t h homozygous gr ups . 
Awn Lengt h 
en first aeCUt"in" the data on the 11'3 progenies it was th~u,;ht to be 
\U1~ece9'1'tr'" t" r.eusura the short "'viTI n.wns roll'~1d on &".m Clnaa 1 lunts . ~ter 
about 90 ~f t~e progenies had been ~or~cd it. ~s dec!ded that this fi~are 
.,.,uld bo soful . Tha N 1ber l a·ms ere ·oasw-od :?or tho ret., inder of the 
fai r 
repros~ntati '" in each 'l.Wfl class 
!l'tt"Lber 1 awn$ were n~t o:eann.red, it 1 bel i ve(l th.t th.: table • ""·d cnlcolatione 
rerresent the roo.terial t r .irl y accurately. 
'Pable 7 shows the arr.w'{e•.ent in a.m l<mgtll clo.,aes r~tl ab.mlard J.ovi&tion 
classes( S . D.) of the 9 awn class genot ypes . Jt!l.[Jd&rd devieLt i on insto:ld of 
<loeff'iclent of vr.r iab1lity wns used in utudy inc awn lcncth, bee -..ee it se med 
better to repro ant the true cmdition of t h,• natc:ial. J,'o:r c.x:l.!ople a 
hom~zygoun awn class 1 progeny would sn:lw o. lo ,., etandard (levbt io,., but becauae 
of the low rne<n awn length tho coefficient of vt.riability when c~.olculatcd would 
The four 1JOtc•ozyg~us ,.....,., cla~ses sh'llf a =·.all renge in ntru:darJ. deviation 
( ~ .D . ) classes and also i n mea~ sta~rt~rd dr.~i~tion . 
Awn clasa 1 rBJJGcs rro.ll 1 . 43 to ~ . o4 rm., . • ith c. mean or 3 . 17 met. 
" 2 2.36 to 5 . 30 " " " 4.43 
3 5 , 03 to !1 . 86 " 7 , 70 
4 5 ,19 t o U Ol " " 0 .40 
1. olu- or t .,... or pendal no llft4 or t1 ~ 4et"laU011(., . D.) olu•• or tbe 1D4ldd-.1 r-oo 
t and or the nine AD. olue 1': t~ or the r8 
' "rown Sa 192'7 at • lftMJ 
• 2• lt • l ' • I 
I 7 ; I ll 8 
' 3 ; "'' : t 
., <lB 
•• a, '' 1:51 I ll fit 5 i 
I l 1 21 l l 1 I IS 
l lt 2l • t ; ' 
f 
tlt 1t l 2 f 
t 
12 e M 
l ... 10 l 
:I"- 'l.'ith 





• 1• I I 1• 8 u 
' 
1r I 11 2 I 14 
' 1: 21 1t 11 11 6 16 
I lh 1: 3t 
' 
& 18 4o3 
1: I 8 : 4: lh 10 20 
3 : a, Sa • 9 t 21 
• l 1: I 1 I M l• 2 1 I 1: • 26 ls 1 28 
:.·ue ~egre.,;bJ;l.ng awr classes .. 11 show "' gre .. ter ranze and .. hir;her mean 
standard deviation except the ~wn 1 snd 2 e re&~tir~ class . It io to be expected 
th.s.t the l ?nger awned claesee would oh ~' a greater range and higher meu.n stlllld&rd 
de'Tiatl n tl:· n the sllcrtar awned cle.osce . ~'his is berne cut in the ficrures. 
The st!. 1darn devia tiun(S . D. ) r un,se and moan for the segregating g r O"!'" was : 
~e-.sre.;at1~ for ~ Mean 
.\vM 1, 2 ----·----------- 2. 07 to (} . 32 l'Ul!o 
--- -------
5.52 = · 
Aw.u 1, ~, 3 
------ ----·--




n 1, .:. , 3 
----------
12. 7!} to :m.oz lUI . -------- 19 . 74 rrJn. 
' Awn 2, ~. 4 
----------
6 . 71 to 29 . 32 !"'Jn . 
---------
19.56 "~'.!1'1 . 
PWll 3 , 
----------------
ll.b.J to 2! • • 74 ...,. 
----·----
16. 36 mm. 
;,.,,,.& i_l, er! t> . D. ) tend to show th t e$e clasoification of awn c l &see 
,,,.~ f~i r 1;y aoc.:urate. 
In u\111 length the range cf hor..oz:~sous a'R%1 1 pr ogenies practically covers 
the ran.J C Of tha J! ederu.tion parent . 
'The :..nm 1 pro.:;cny ru.~::tge rrom 2 . 3b r .96 millimeter s to [,,3\1 t 2 . 4,6 
miLir.:eterD . t'e,leraGion ro.nge from ,56 -t l . :JG t:1 6. 62 r 2. 77 millin.aters. 
The hoo:ozy[!'ous O.W11 4 progen lea trwts,;reos,in one direction but not the other , 
the r a.n.;o of Ill t; lU, tnc ful awned parent . 
:..'he to..m ~ progecitlll rtltl,Je from 42 . :;2 r 7 . 35 millimeters to 80 . 40 t 4 . 09 
n illimeters i n "\"'n lc:l\.,~h, while the III C 10 ror1s ra.~e from 67.20 r 9 . 30 to 
64.50 - .5 . 04 milli"letera. 
~'he J.o ..• v.JJ ouo ll.'<'l'l 2 progonieo r .ll:lf>C from 11 . 28 -t 1 . 59 t o 1 \1 . 60 1: 3 . 94 
milli11etcrs in a'lm lel".gth . l'llc homoz~gous a.m. 3 ~nn.;e is from 22.12 :!- 3 , 71 to 
4G . l5 i 5 . 65 111imeters. 
The aegr~gat ir<:; grou,pa u.rc arr'lll.,;cd interned.ia+.ely bet;~een the homo-
zygous 0~ for awn lengt h . u Cgl"ll'J"flting gr.;>up &wn 1, 2 iS intermediatu 
between hont;)zygoua awn 1 and holllOzy_;ous awn 2 in awn lcn,;th. ::.egregating 
oup awn 1, 2, 3 rt.nd se.:;re_;<J.tin.:; group awn 1, 2 , 3 , 4 a re interr.:elliate between 
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homo zygous awn 2 e.nd homozygous aw 3. £agregating group awn 2, 3, 4 and 
segregat ing group awn 3, 4 are i ntermed iate between homo zygous awn 3 8lld 
h:~mo sygous awn 4. 
Awn Class and Spike Density Factors Probably not Linked 
Stewart(~) in a oroBB ot Kanred by Sevier obtained good correlation 
between awn length and spike density characters also( 3 ) 1n a cross ot 
Federation x Sevier he obtained consistent correlation ratiot(~) .nen spike 
density and awn classes were correlated. These results led to the belief 
t hat there was link~ between spike density and awn class factors. 
In stu4¥ing the present cross(Federation x III C-18) with respect to 
linkage ror spike densit;y and awn claoe f aa tore, there are two pointe that 
shoul d be borne in mind. Firat, awn class as separ~ted by eye claasitication 
is a distinct and separate character from awn length. There might be 11. hish 
\he ~O'rY<e ).,t"ion b•:T,r•~" ann e-1 • .-ses ""'.!. 
correlation between awn length and another plant character while/\the sace 
plant character could be essentially zero. Different awn class groupe ~ 
have awn length correlated with a given plant eha.racter 1n qu ite different 
degrees ae will be eeen later in this d1acuu .\on. 
Second, the awn class inheritance i~ 14a ~ederation x Ill o-18 cross 
is different f rom that of Federation x Sevier orcas ae baa been already shown. 
Inheritance in the former showed independent segregation on a two ra.c t or ditferen e 
basis while that or the latter showed rather definite linkage with only 35 per 
cent or eroaeing OYer. 
In order to determine whether or not there wae linkage between awn claaa 
and spike density ractors the F3 prog&Diea wre arranged into 27 genotype classes 
1n.le"fenAen1l~ 
which would occur inAaegregating material where three factor differences are 
involved. Tabla 8 shows the genetic constitution of each of the 27 cl&ases and 
~ 
ftble a. loo<lneu , .. rn or t:'1 &Wl ol&aa and a • iJte d_n,. ,t,.,·. lau .. 
or r 3 rro 4JI'Iiea men ., ~...,.red with t he l oretleal ratio or 1u4tiron4ent 
eetreaation Yith three raator ditt r&cea. ILl • lax spilte aDd !U denee 
ap1Jte. 
I 
l 'A.lDW.. t 
211. B3Lls 
~ :.U. Bbt.Lc 
4 tf.a~3Lt. 
& I U .lib L1 I 
6:t.a3BL1t 
7 l Bb LL I 
81AAibL11 
9:.U.bll1 
l ? I .U ,8b 11 I 
llst.a3:'&Ua 
12 t Aa :Bb 11 
J3 I U. LL 
U I AJ. \b Ll 
15s · b LL 
16 : Aa lt'o L1 I 
17 I &a ll8 LL I 
l&sMJIILl 
19 aa B'll I.L 
20 aanLla 
2.1 I bb 11 
22 bb u 
23 aa 33 11 
Uta&Dll 
2!i aa bb LL 
!0 b'l> Ll 
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"fly l• fl,e Cli.Ufl bAYG '\he 8 de.&Sgna.tlOU \oe:'ore tJiY • 
i;,r tu 1!7 ola ... r . 26.4006 1!1114 p ... 4373. 'l'hill lB a t:ood t n 
la\ad tor the ?e4er&Uon lll!d the M.}acont 
Ill C..Ul pa.ren e ccrrelatlon aoet'tici@ta. ~hair obable errore 
le 9. Cllrrola1on ooefficiente(r) lllld t•ir rea tho probAble 
pl.Mt clmr:.t.3tull errara and r/lit. nr t!lo .-1ra of llllt row• ftl'i 
.~. 
(,l'O lB 19£7 .... • 0\ah) 
Character r - j: ·'· 
r 
=;:t, 
Oul• h .._.f'i08a :t" . OJlO 16. 0 
··i' ike ':Jill!ll•1i7 r .. .oarus ± .uo o.o 
l 
1. .0857 o. r 0o1.- • .67?0 6. G 
"'"' 1.az!o..~b + .009 .! . U77 o.l 
Naok th1 •• +.laY t .lQW8 1. 1 
'l'&,le 10. ,. :rr at~ c lenh(r &A;1 t!l~U' rez;:eetbe M !lle 
urore( P •• I :r/p.P.. ·:- :-~ tu of plMt oh ao • wtth .-en par t . 
l:U l 
CUlll • 
inll: '!hi 8 S; .,. . 631:5 ;t; .()6SC 
: 
th X !.pib 
-. 
' >lltoa;neaea .f. .10'1'1 ;t .10'10 
' ; 
deQee t:> .mic!t 110!1 h tore celt • a'l cGd + lB ch..r ter. 
miu • c;>rrelatlo: c .rtlciet(rl obt&iMtl 
r 
0.1 
9 .. V 
etii'Oc:n the ho pat"~m • · Spllte dcoit;(r • -4- .0864 r .uol. ~ ltm&tt. 
(r .. + . 00!13 :t .J.Z77l aDd ueck thiw;neN( r a f' . u.o ± .1092) ._ tc be 
~~oa bo'll'l '¥ tlv.ttr lov oonoel•U ooertloiente(r ). 
COrrol.lt.titln C¢eN' lciente{ r ) r Wwu.l tlid ror two p.il'll of l.al:t 
o .. ._, n c •Ub tbeU' t:robu. le 
error. are lfhen tn ~ble 10. 
OQbl l011,3;th x •PlQ ~tty tn e J' tuatitm ~et rowe ye • 
correb to~ e att'!e1er.•!rl Me~ ie • lJ' l./10 ot 1b pro~lc: errcr. 
(r :- .ous i .lOts) . 
lar;;'C IUld io only 2.3 tir:les its prooobl e error { r:: -.2436:!: .1043). 
In neither of the r~rents does thoro seem t o be a defi nite rel ation between 
culm lent;th and spike de ·• ai ty . 
then spike density x neck thickness was correlated in the Federation 
the correlation coefficient ( r) ae lar:-e and v1as 9 •7 times i t s probable error. 
( r = +.6373 :t .0658) . 'rhese &!1110 characters in the I IIC 18 eave o. low co r relation 
cooPficicnt (r) which was only 1. 8 times its probabl e erro r ( r = •• 1877~ .1070). 
Sniko dennity o.nd neck: thickncAs are dintinctly correl ated in the Federation 
p£.rent . ~ l.ruter head tends to co with a thic ·er neck . ~his rela.ionshlp ill 
less definite with the denser spiked parent, IIIC 18 . 
Corre laLion St\ldio e , i th ~no F 3 Procenic s 
Ten puii·s of co"tbirw.tione of the fivo plant cflamcters were possible 
i ' the cor:'elation studies. .he si1.1ple corwlation coefficienLs ( r), the cor-
lation ro..ios (n) a'"!d :l .T • •. ere calculc.ted fo.:- dl ten pairs of i'lt.nt 
c~~~~cters . ~r.o ~en combinLtiona are: 
l. Culm lc06~h x spike density 
2. Culm length x awn lon....oth 
3· Culm leQ!th x neck thickness 
4. Cu.l.!a l ength x mnbcr of culms 
,. Spi ke densi ty x awn length 
6. Spike de. s i ty X neck thickne BB 
7· Spiko donsi ty x nucbe r of culms 
8. Awn l ength x nook thickness 
9. Awn length x number of culmll 
10. Neck thioknen x number of oulmll 
coeff1c1enta (a) 
(Table 10) ' liD el6&1fl 
tor 
.J.. a cifttl ill faille u. i'•lh 
erwaa 
_ IIW~to 
• tho !') pl'Of:OD.l • 
• (2) 
~· ,_ co~Wl ooetncleu (r) 
ftC ill IJible l.J• 
~le 11. ~rela\lor. oa.ft1o1ent e( r J. ocrr elatJon rallo-(nl. th•tr 
n...-~ti'ht 1"'0 u rr:~J'e(; • • ). e.::d 1t.lat:lllft ' e •••t ror Unll&l'1\r tor 
.arlo p&ira :~t plant aha~;' tee t r 3!54 13 ogaiea. 
(crown 1n 1927 at an. Utah) 
n :t P. t . . or. 
; ... !1190 i:,Q%02 19. 0 • &M& -;, 025& 20. 9 .: c.o 
CIUa J..en..,.-th lt 
I f ,05Q& !.Q6l7 f , .29tz z.o~ ·-~ 1.4 ' 9. 2 &09& 
Calla Leng\!1 X 
1 f ol976 1,0$15 1 
,. 
• lt '>'hiome•• 5. 7 .!5SG i;,OS,"'5 f' . U ' 2. 2.u:J 
: ... 0021 ;t,CYJ$7 1.5 ' + s.~ 2.44o27 ' .-l u ... 0347 ; l 
' 
s 
Spin it, Jt I 
+ ' 
, . 3496 !.o:S6'1 
t 
1.-.s IAn··th -.1112 -.!>411 1 2. 7 • 9. 6 . 9&l1 
::;pike f ·e'lelt;r x 
:t.IW)& , . 6711 'l:,OMl : llttclt 'ti1CI:c.OIIe -..Mil 15.. 7 : ~.7 I &. 93QZ 
t • • 
wp llte t enet ty lt 
, of..09&7 :t.o • :t.~ l ~a.eu 2.9 .10 l c.a l 2. 11eo 
; 
I .;. .28·74, Z..o3e4 
f 
. 4066 .:t.OMJ I 7.5 
' 
, u., t 3. 
: +-~ -t.oua I • , 3.).07 1'.~7!) .e ~ e • .e I 3. 69!6 
l 
' I 
.1755 :t,.():l47 x lo. . 'l • ' ·l I 2.~ 
,2 (_ 
't'a\lle 12. Slllp~ priW.uct t oorrelatl ~1c1entl(r I tift 
t'tl 1 oor"lc· C• cOtt!rio o•1t lin"- their re .. uwo pr bllble et-r'l' tar- :55& 
l5 Pt:lC'Mi••• 
l~h x !:pike :lens~V 
lt 181 Lenatb 
iai:neiiC 
*h 
• r J r 
r P.l'. 
t t 
+-.5190 i .o252 • 1').0 r 12.34 +.soo& i~0200 ' lB.? 
r • • ~ +.0004 !.a.l? f .... r l' lS.M +.1292 r.0:5~ 
'·' 
' + ' 
I 
~ +.1<;7 - . ()34.5 I 5 . 7 , r 1~~ez +.o11o t .os5& a o.a 
I 
' ' ~ - .ua t..oua • 2. '1 : r ol& +.03~ t .0350 1 1..0 
la Culalqth 
l! • Spf.ke Ur!a1t;r 
!I . 1111 1~ 
4 • Redk *htcl:ne • 
b~ x.s. :"JOn-•1 ton 
ror oW.• l h x. apilta d 
• $h8 1., ~racentes-. 
(J'l 
or 
l ro'-1 .l.>t 1!?:?7 :.t ~ =· ~!!.b) 
+.usz "t.~ 
I •olt12 i.O&&S 
. )
t'lllo ot 11~ 
( .. • • .m, * .OJi09) ** 
eoertla!nb 1111'4 the t rd 61'0liP.o 
wb.Ucm ooofftcilmt ( r a • .UU ~ M48). 
.... 
thJM a onl7 )·5 ... u. pro .Yl'O:J'o .. h 1D4toa~ ' 
tbe conelaUon eoemettmt ( r • ._su ~ .0262) obt&!Ded • 
lre )S4 1'3 n.tu wn taG l• pl'Obabl,y brtHo 1 (llcc~f'PI• 
<4 r.no 




It bu a.ll'ea~ bee 
CUb 1eDel!l 1tlher1 
1t7 •1r:ce .uattl:n of 
•tnce u er or \be • 
ei£'nlficd eorrel Uo !»ettici t; . 
a tllat t re is l1ab,re 
• lied. 
le• alto 0 'be " 
b.ft o! lt ould bo ti:tttnl11 to u:plaSa 
• s.a or.,o.U• 
::1" 1&t I!PU:ed (~-.) 
< lii c 18) 1.- the Ull ~-· 
conel11t1on eoeme!.em { ») Mn lngtb Cloll4 .1111 1c ... 
.. u. ( ' .0584 * .cM1'1) 11 enl,7 l.<l t • ltl 1c nor. so tar • 
-}J.-
b -,.7 t.lJua lta probable error. • h conatllllt -'l:;t;oa1oe bat there 1e e-
relatlonehJ.p which ether correlated cbaractera t>.aTo hidden. '!'he correlation 
ft toeatber ll1tb t 'le :rather high n~re detennilUid tor :al&kean•• teet tor 
lineal'it1 (~·'~' · • ,.,50?6} points t o the ·eztneaoe or a correlat10!1 whtab I' 1a 
Culm ~h X l eek tokrlen 
correlation eoef:t'1o1ent obtained for thell8 two faoton wae 
partia l correlation coetf1o1ent; we.e ofll1 •• 011 ± .OJ58 which 11!41oe.tee tbat tbt 
probabl e error. 1:1nee ~lall:e:aan •e t eet { . '!'. = 2.226') 1e --.Ilon le prob&bl;r 
not yery a1gn1f1cant. 
'!be correla.Uon coeff1o1ent obtaiMc!. f'or t heM cbaraaten 1e 1'8r1 
partial correlation coeftioieo.t wae not calculated. 
when Tiend in connection with the 
r theae chamotera Ule correlation coe.ff1o1-t obtained ( r • ... 112 ±. 
11 oul7 2.7 tlalea ih probable error. !he pe.nlal 
correlation coefficient (I' 2).14 • -.0;,64 ~ .0}58) 11!41oates tbat tile correlation 
t (jj . 'l' •• ).9641) ,. 110 
t o bo ei t1 
o r I 11 1} 
ll ;: 2).7). 
11 too ••·11 to be ot 
r t be roCJS(IU ( r & + .26U ± .o&Bl) 
Tabl e 14 , ~~rra .. at i .1 " "~Pfi~ it 'lt s (r) "'. ,r oh·-bl e o.;rror3(P . E. ) :or 
spike densi t y in each of the three s p ike density groups of F3 progenies• 
(Grown 1n 1927 at Lo;;an , Utah) 
~~ r :!:' P,E, rfp,r;, 
Homo r.ygnus Denee +. :'>917 :t, o638 6,1 
He cro •ygous 1-.2612 1., ()4lll 5 , 4 
Homozygous La:r: +.6916 ±,o347 19.19 
_,.. 
lheee eoert1eienb are all plu and aU hJgh enough ~o be eicnt.ftcant the-re 
thie epotted or CUX'Villnear condition in a populalton ~bat n 1t pr.rt1cnalar]J' 
n.luable. 
Plua correlation ooeftie1mta we-re obtained then, tor tho entln tual]J' 
tor bOth par nte aM. tor eaob ot the three 8pib nenatt;r gro11p11. .Ul were 
hiBh enough to be e!tn1fi.oant e t t III c 18 con.t.mt. s f.b denetv 
and Jll!Ck thi lmeea are tben 
the Jll!Ck and the daneer ~he aplb the ~h!rmer tbe neck. t'h1ff mlat1oneh1p ee-
paront tll&n in the den110r apiked groupe. 
Siuco thie relationship extete within the 1p1!te denalty groupe and wlth 
a l aet one of the pe.re~~to 1t h tho bt to be a ~eiol()t:ical rather tban a 
genetic relationahip. 
r o:t CW.. 
v a ...U cornlaUon ooe:tt1c1ent ( r a •.1196'1 ± 
2.1760. ~e correlation eooffioien eo l tm.t pal'tial correlation oo-
Awn r.eng!h X ellk ThlokDsn 
~ correlation coettlc!.ent tor theee ehamctera h -·2874 ± .o,S4. 
It 1a U.7 twa lte P· E• lllak 
oorrelaUoa ooe:tflcient 1e -.an ± .o,a, and le 6.8 um .. lte P • !'heae 
oonetanta are all laJSe •0116h to et a leal Jle@l'the correlation between 
-J.s-
\he obaractere or 111m llm«tb and ne th1cklleea. fhe nature ot theM 
cbaraatere .U:e lt illlponible to detealne whether or !lOt the correlation 
.::AWII.;:::...::.!AIZI§tb==.=:X:....:;=::r _o~ 
'l'ho correlat ton coett1c1ant t or tbaee cbaract re 1• • .O)'J ;!; .0418 •. 
!he P • 1e larger tlJa.n it. coaetant. II'OWe'I'IU' \be correlation ratio 1a 
o}l07 ±. .OJ18 and 1e 8.2 tS..• lta P.E. and J~ta tea11 18 Jo6926. TheM 
latter t16Ure• ~~~~Q:~tet tbat there ie a correlation which r cannot -•:nt• 
PartiAl correlation ccofflcient -• aot calculated. 
Jreok l'hickMP X l'llaber ot CVJ.m. 
Correlation c tt1cl ·t is + .0265 ± .0)58• It h .atler thaD 1111 
P • The correlation ratio {n a .1755 ;t: .OJ47) 11 5.1 U•• ita J>.JI . 
JfUl.Uple Correl&tlODII 
In order h deteraine the proportion ot the ftri&b111V 1n eaob 
character which the otber e, araatera accOUllted tor) 11be l!lllltt:ple correlation 
coettiotent •• calou.l&tecl. 'l'be coDa"t!lllta are ginn 1n 'l't.ble 1.0-; '!be 
ccnetante are Clbe.ni;ed imo percent.p b)r '111111\g tbe tomula T (f.) :: 100 X 1-~J. • 
'l.'he percentage h &leo ginn 1n !able 1.5• 
OUla length IIUlUple correlation coettteient 1e exprened b7 
B l.2J4 "' •!iJ28. 'lhie changed to percentll(le a 15.}8. !'be ftri& let tp1lat 
denait;:r, awn angth, and Deck th1Ckn .. a &OCOWJ1; tor l,5.J8 per cent ot the 
11otal ftr1&b1Ut::r ot culm length. ben 111, then, 84.62 per cent of the 
Splke denei\7 or B 2.1J4 = . 6J88 or 2}.o6 per conl. t'Jle other 
n.rl&blea acoo'llllt tor 2J.o6 per cent ot tha ftriabiUt::r of •pike dentlt;:r. 
Tabl e 15. !111 tirle c rreb'tions showiiJe t 'i:le tot a l ettect or var1a.bil1t 1" 
cnt-st:ld b; 1;ho ~ thor t •. ro.:> Jl ..w.t cna•·actur . iM tllu respective one in-
dicat ed fo r 554 1!'5 Ill' ogenies . 
Uo.r.t 
Charu.cter s 
G'ul 1n Lene;th 
Awn Length 
Ucok Thickness 
(Grown 1n 1927 at Logan , Utah) 
----·- ------Correl ation 





, PercentB£e of Total 
·Variabi it L ·0~nted for 
15 . 30 
23. 06 
_,_ 
.5.04 per cent of the n.rJ.abillt~ in awn le~. 
l!fiCk thictuee or Jl4.l2) • • .508'7. 'l'he peroeutagll of ftrl.&b11U~ 
CorrelatiOJJ. studies With tbe Jour Holleyp! Allll ClAN .. 
Ill the correlaUon stu41ea· llhioh haft beeD ao tar 4180Wiaed it wu 
the two conetmta { r) and (ra). 
hifrh. !'beae tacte iod1cate4 that the.re wu eoae correla-tion which r c0Ql4 not 
measure b . t ich n was able to aocoum tor. 
Ill order to di~r 1t poaa1ble, when thh oornlaUon occurre4, eacb 
ot the four homo~ awn clllae progenlea, ~ 1. Ales 2, Jl!rntl ). and j.WIIII 4 
were ah41e4. ~e corwlation coett1c1ents and a.lso the partial correlat10JJ. 
ooef:l'icien\1 1n eac.h group wew O&laulated tor t ct the pain ot chal'aoten 
that "~'~~ correlated when the )54 J':J pro£en1ea were du41e4 as a f>I'GI\P• 
:Beoauae rt of the Proeeni•• 1n .- claN 1 BftUP ha4 not been -1'84 
tor awn lllll«th 1t was impractical to calculate eorrelatlOJJ.e 1nY011'ioc un 
length 1n thla poup. ~· ..Ue three ,.Sn of f'AOton which were correlatsd 
ben. 
1. Oula le~ X eplb da'lait7 
2. Cula 1~ .I. Malt 'thickaeH 
)• Spike den81t7 X Deck thiclme• 
Ill un claae 2, an cl& .. ) and a1m class 4 theft were au pain of 
oharaotere oornlate4. 
1. CUlla 1~ X ~ke den.S.\7 
2. aula lADBth X .-n leagUl 
,. eu1a l.eftB'h x DMk thSoaen 
4. Sp1118 den1U7 X .-n leJaeth 
5. Sp1118 ilen.tQ' X n.ot thlclalen 
6. 1~ X DMk thtolmen 
A _.,. o~ •"-P1• pl'Oduot ._111; eorrela'Uon coefilolellte ell4 
~rtial corrolation coefflclenh wlt b tbelr n8p8othe probable erron •• 
sben 1n fabl• 16. 
CUlla I.er!«!h X SpU:e DeM1!jl 
t'he corzelaUon ooe~~toielrt1 ~)tor each o~ the fOur Ml1 «roupe exaept 
A1m 2 g roup aN ta1rl.7 htgb and hence bear out the correlation obta1M4 when aU 
t'he J'} propnlee .. N 1tadied •• a poup. Awn 2 11 not high but 11 INg'IIIUW. 
fhe constan.h tor each of the -.n ffroupe aNl .biD 4 = ... 485'7.:!::. .1074 an4 
• a 4o5J A1m :J :: • o5.584 ± .~48 11114 I' :: .S•tJ .biD 2 :: • •2150 ± .1,00 
T.r.' P.r. 
lln4 r a 2.1t An 1 : + .']7U ±. .o488 &lld r : 16.4. 
i':i7 p.j. 
'.!!he ~rt1a1 OOYNlat1on ooetficlellti tor A1m 4 11 1owr thea lt1 eillple 
pro411ct -nt oorre1aUon coett1olem ( r 12.}4 • •·2480 = .1,20 IIIlA r 1.,) 
Pd. 
An ' IIIlA .a.n 2 ffl'OUPI howner. mow a con•141:rabl.Jo higher putlal oorrelaUOil 
ooemo1ent than their IS.mp1e OOI'I'Il..Uon ooettlclete (Awn '• •12·34 • ..ti'J09 ;!:. 
.072 u4 r a t,.6) u4 (.&lim 20 r 12.}4 : • .6206 ± ·'865 u4 r • 7•l$ p:r. p.i. 
l'lr.nial oorrelaUOil coetUolem• .. ze 110t calftlated for An 1 sr-.p. 
Xi wu earlter 11!1- ~t the correlaUon blt'ftln apUB dnld.t)- aD4 cnala 
?able 16. :ample produat 1110ment CJ)rrele.1:1o coef't'ioienh(r) eo arathe 
pnrtinl oorrel tion co ef'fici t an<! their reep~tive ~·rob,.b1e errore 
or e100h "' the 4 h mo: ~oua IUI!l olua groupe ot' 3 pr~enittB(awn 4• 
&'1:11 :.s. a.wn 2, and awn 1) 
I Grown in 1927 at Lo n. Uta.h) 
::ttarscters 
~nrrsl~.fgd 
1 Simpler t P. E. 1 r/P.F. 
I 
A 4 
CUlm !.enl\'th x 
s;i~e. De.nsit~ I +. 57 !'. 1074 
OUlll Length x 
Awn Length 
OU1111 Lc113th x 
Reck iclmen 
Spii:e lleneit.r x 
l eek 'lblck:ness 
J.wn Le th x 
' +. 7220 ! .0672 
+.78!5? '!.0533 
+.586? ::.0922 
t'eo:t :i'h ioroeae + .5451 :t.o9a9 
Awn3 
Cullll Len:,;tb X 
Spike neity +.5684 !,0949 
OUllll Lensth X 
1IJI Length +.0252 ±.1376 
Cul .. eaeU. X 
Beok l"u iokues11 1 -.0315 :-.13'75 
;op1k6 Denalt~ x 
wn Length +.2162 ;l;. ll!l3 
Spike Densit y x 
Reck ':h iclme8u +.5697 !.0930 
Awn Lcn.:;-th x 
llleok ~iokneus s +. 14G2 !.134£1 
10. 0 
4 . S 




' 1 r 13.24 • +.6166 !.o871 
+ ' I r 14. 23 • -" .2100 - . 1344 I 
r 23. 14 - +.6763 i,o7&S 1 
r 34. 13 • +.3413 ±.1242 1 
I 
I 
, r 34..12 - +.00028 t. .l4.06 1 
r 12. 34 • +.6909 1,0720 ~ 
r 13.24 • +.1233 ± .1S5G 
r 14. 23 • -.4807 ! .1059 , 
1 r 2S.l4 - +· 2017 t. lS2l & 
r 24. 13 .. +.7011 ±'.o?Oo 
1 . 1 : r 
+ I 
. 12 • +.03$1 -.1S75 1 
r/~. • 
7. 1 






Character a !: i~QPle r :!: P. E. 1 r/r.z.. I ~ti&l r ~ P.E. r/?. c~~:rlli!~&a i 
I 
Awn 2 
Cul• .;;;nz;th X 
~.0866 !:pike rena Uy 1 +.2750 -:t. ).ZOO 2.1 a r !2.36 • +.6206 7.2 
1'16t h X 
Awn .l.erlBth -.0075 :t:.l~& .Ofi 1 r 1a.21 • -.lZH %:1379 1.0 
L41Il,l'th X I 
t-. 0726 lieclt 'l'b.ielmen : -.46'16 r .1099 4.!5 : r 14.!3 • -.6954. 9. 6 
Spike ... anaity x 
I +.0382 ±.1404 -:!:".1386 Awn Lcn~th .:I 1 r 25.14, • 4-. 1.204 I . 9 
Spike T;ene!tlJ X 
4-.4492 :t.U22 t:O'l4'1 lleolt 'l'biolmeu f..O a r 24.13 • +. 6849 9.2 
Ac'll!l Length X 1 
lfeok 'l'bio.lmose 1 +.1709 -r.ll5!5 1 loll 1 r 34.12 "'.f-.2195 z-.1339 1.6 
A\111 l 
CW. . L8!1{;th X 
Zpilt Den.ity • .... '1991 1;~88 I 16. . • 
I 
Length X 
Neolt 1h1clmeae a +.6777 t-. 0?29 I 
I 
9. 
~pike Danai~ x 1 
Beck Thlol:nesau +.!.924 '1.0076 6.& 
. 
---------------------------~-------~---------------------!~-----
1 • Cul!ll 1A:ftgtJl 
2 • tpike I onsit1 
3 • Awn LeQgth 
4 • lieclt 'ftl1oknllfta 
c:u.la ~h X 4Jnl L!!!§!h 
the entire poup of )54 .,., progenlea wu 'lleiDg Hv.~Ue4, tM 
oonelaUon coetflolent ua .,.,. eall 8114 Olll,1 allsbt:q lit. rpr than ita 
pl'O llle el'l'Or (r • • .0584 ± .G'l7)• !!18 putu.l correlaUOil wu ~atlw 
( 1'1).24 • t .1272 a .O}.S} with r • )o7) mel the cornlaUOil ntle (a) aa4 
p.i. . 
:B~'• M.t 1Ja41cated that then wu proball~ alsnit1~ oorrelaUoa--
wtlan within the poup (a • .~,, ± .0)8111D11 r : '.2) (ll.!r. • )•.50'6). 
P.i. 
!7 a cornlaUon at~ with the awn olau 8'1'01lP8 the conelat101l whloh 
n lndloatee ... put~ looeted. •- 4 g1't'8a a high correlation ooemctent 
(r • • .?226 ::1: .06?2) which 1e 10.8 tiMe lh pl'Obable el'l'Or &1:14 alao a h16b 
110l'tial correlation ooetf1o1em (r • t.616 ± .oB?l) whloh la 7.1 u-a it• 
probable 81'1'01'. 4Jnl) (r: .02)2 ± •lJ76) a&ld(.um 2 (r • • • ..,.i:. .lAO&) 81.,.. 
l'7 low cornlat10D coeU1o1eah which ill both -a are CGJUI1~~~ below 
~-
their probable errvn. Tllelr partial oonel&t1cn coetftolenta are alae low aa4 
enentlal~ equal to their probable el'l'Ora. <•- '• r l.).a~ = -.12:}) ±..1).56) 
and {.DD. 2, 1'1, .. ~ •• 1,6 ± ·117')· 
611!184 proeenln lJu.\ DOt ill propnke ot other awn ol&eliH. 
CIWl Length X lJaOk !'hiolmen 
.lwn 4 CI'01ql hu a fair~ l~Jeh p1ue oonelatlcm coettlcient 
( r • • .47)7 ± .1"' IUI4 r . a 4.)}. lie :pu\1&1 correlation ie 1o1r ( r14.2) = p:r. 
.2100 ± .lJ" IIDil r • 1.6). J hu a correlation coettlclent t.er tharl p:r. 
ita p:rvbable errvr ( r • ·.OJl.S :± .l,.S) 7ft lta putlal cornlat.lon ooetticlem 
1e el8Dit1cant~ bJ,gh ( rl4.2) a --'80'1 ±•10") ADd h 4 • .S ttaH 1te pi'Obable 
2 -· ~l"Mch 
htcll 1• ' · ' u.. u. pro 
-dtiole h eUll "• (I' 1.4. 2) a -.67J& :!: .o'l2£ -' ~ : f.6). 1 
i':i: 
llaa a JdP p.1wJ eo l&Uon ooet'.f1c·l h • • .6'1'1'1 ± ..o'J~). U la 
f ·} U•• tte prob& ermt'. 
~lep = 
tbe7 'IIOIIld., tend to 
1*rllJ' 110 tb&C a 
conel& • 
t1 plu oone1M1cma 
otbel' wMit I' ... calculA 
be ~bU.inod. rue le 1lllat 
fbe ne1aU011 ooattidch tol' ~ fbv ·e.n c~ at~tt 
~· cer 
• 01» 
S t. COJ':elaUGil OQeftlc~ ( r a ••'18'?1 ± .0})8 Ulll I' = 14.6 
T.i: 
ParU&l conel.a\1CIQ «<llft1cteiK{ll' 2).14 •• "'"'' :!: HJ6J ..,. ll' a a., F.r. 
1e CoralaUCIII ooefttol«Jl( ll' a ••21£2 ::!: .1,., I' : 1.4 
l'U'tW OOI'I'Itlatla ~1(J' ZJ•U • .2011 ± .1)21 I' : l . J 
2 Cro!i• 
~ 001.'ftl&t.1 ooef:fiGlellt ( I' • + o0)82 :t .l«l4 
atu4.led. 
Molen~ obta1DB4 { r 24.1) a • .)U) "!: ..12&2) whlch la hJsh 
t!allit1CIIloa -.114 whlcb t• 2.1 tS..• Ua probit.blo enol'• 
I' • O. ) 
"' 
to be o1 
0001UW OOMI.RtnUJ' wl.h tbe entln haJ.l;r wUh the ~· (aU to a 
laaa extent aUh In c 18• the dctU' ~q aa4 wUb ~ tar~ .-
Awn Length X Heck i'hickneee 
Th correl&Uon ratio (n a .4068 :t .0,.9) and Blak.an'• tnt 
.. 
(B·T· : ,.u,8) obtained when the enti~ fllllli]J' of P} -• studied, both wggell1; 
a correlation which r has failed to meaaure. A 111;1Jd¥ of the 4 awn group throwe 
no light on thb. While awn 4 has a good correlation coefficient ( r • • .54 51 ± 
,O'JB'J) it. a1gn1ficance 18 destroyed when the partial correlation coefficient h 
found to be r ~.12 : .00028 .± .1406. 
Awn ' correlation coefficient 18 • .1462 ± al~8 and a partial Correlation 
coefficient of .0,87 ± .1,,5. 
Awn 2 hae a correl&Uon coefficient of •·1'109 ± .1~.5 and a partial co-
l"Blation coefficient of .219 .5 :t olJ"'. 
While the oornlati?ns· 'l'lhioh n. sugguted han been located in nftral 
inetancoe in thh case the groupings that .. re studied failed to locate it. 
~le C..orre...1~t-i•\"S 
Jlllltiple correlation coefficient (R) were calculated for each of three 
of the homosygoue awn claee groupe, Awn 4, Awn J, and Awn 2. 'l'heee are giyen 
in Table 17. It J1J1JJ bv noted that in general the Yariab1li v of the nrloue 
Character• was influenced by the other nriablee 1110re in tho hCC!O~ygous awn 
clan groupe than in the entire fllmily. It IIIIQ' aleo be noted that in awn claee 4 
the other variables innuence awn length to 48.96 per cent of its total YariabiUty 
while in awn class J this nriable is influenced only J.l,5 per cent by the other 
nriables1 in ewn class 2 only 2.5J per cent 1 and in the entire family only ,5.04 
per cent. 
It llhould be pointed out here that stewart (4 worked with tul]J' awned 
progenies (~red X Seyler c...,.a) when he secured the high correlations between 
awn length and spike density characters. 
'l'al:!le 17, • tl\i plf'l <'mT"l ., ..... . 
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2 . .... £!. c 
:7• Cullll 1 -tb 
'· &pike Q•lllitJ' 
s. :m. loncth 
6 • .• oL thicbUG 
Col~r or c 18 ~- oa ~· tluta ct & ece or d!:Nitauoe. 
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l'll 0 ~- ..... 82 ll ·'A~ '~ ot • n ol080.1J' pp~ 
a 1a2Jl mto. P : .S'J82. 
vUL 
tA ext 
t'lollt;M ~ 'be 
per41:.:1~ .csne~a\1 
il\; o 
c !.ollBth of th(> FJ lc w&& eol'l:'e~ 'Pith tlle1r r2 ,pa~"~tl&e 
to t o~lmt or • .e,!6 ± .02tl. 1'be C'l1ll.l.'l 1•net;h rene 1ft :oH 
oa 
00 -~ b;r the y' ~· 
Spike denstt.f lllborl 
• :.t 
UI C lB 1 
S..e r.l1 'be 
Dinor tor. tnvnlv tn 
• 
inc'! I at.M4 
rttAn.oe at th1 ~ro ... 
Q w.rn CI'OUP 1 W.. O:J#Ontia.lll the e&'ll& &S lede!aUOil in en~. 
JJQaiOS.:rct~Ua am 4 tP'IJU!I ro:covete t.blt 10J!1 •'- reut.lll _, IIIIWin ~eed 
4. Standal'4 
-47-
Ieclt thickness was e88entially the - tor the two groupe of parent 
ro•s• The l'IUI€e 1n the progenies was s~l. 
liUmber of cul.ms was el!llentially the same 1n both parents. 
Awn class and spike dendty chamcters were studied together to determine 
whether or not linkage existed. The }54 r, progenies were arranged into 27 
genot;ype g roupe which 1111gb.t ~ 8Jqleote4 on the hypothesis ot independent 118gn-
gation with three factor ditterenoea. Their numbers approached the expected 
numbe rs. 
.en goodness of ru waa calculated P • ·•n' whioh 1a a good tit. 
This indicates that there 1a probab}J' no UnJtaee between spike density and 
ILl'r!'l class factors in this cross. 
Product 1110111ent ( r) • partial and D!Ultiple correlation ooefticienta. 
correlation ratio• and Blakeman teste were calCUlated tor Tarioue combinations 
or tho following plant charactere. 
1. Culm length 
2. Spike dens1t7 
,. Awn l~h 
4. Neck thickneea 
5. Number or cul.uul 
Culm length seems not to be correlated with spike density 1n either 
of the parents. nor in either of the three spike density grou.piiJ homo~cygoU. 
dense • heterot:ygous and homosygoua lal:. Yet when the correlation ooettioient 
was calculated tor the entire tami}J' or the F} progenies there was a •isniticant 
correlation. These data indicate that the correlation is probAb}J' genetic. 
Culm lengih and awn length ar.l distinctly correla1ied 1n the homoqgou 
tul}J' a'll!led progenies . The other homo'Ygou• &'1111 clan groups show 110 correlaUon. 
The entire 1'11111111 shows no correla1iion yet n ( n • .277' !. .0,81 and n : 7 .2) 
P.i': 
and :Blake=ante teat (:B·T· • J•5096) both indicate the presence of one. 
Spike density and awn leDgth also 888111 to be correlr.ted 1n the homo-
sygoua awn 4 group but not elsewhere. Alao n again had alreac~¥ illdicated that 
a correlation ezieted. 
Spike density and neck thickneas were found to be correlAted in the 
l!'edention parent i n the four homozygous awn g roups studied, and 1n the entire 
fami]Jr. Evidently the relationehip here existing is phya1ologioal in ih nature. 
Multiple correlation coefficients were calculated for the entim faaily 
and for hamo~ygous awn groupe 4, J and 2 for the following plant charactens 
1. Culm length 
2. Spike density 
J• ll.vm length 
4. Neck thickness 
The respectho Ta.riablee were intluencod by the other T&riables to a 
leas extant in the entire familJr than the homozygous awn clan groupe. J.wn 
length varir.ble was influenced 48.96 per cent or ita total .ariability ~ the 
other far1ablee in the awn 4 group. 'l'h1• aame Tariable wae influenced b7 the 
other Yariablu only J.l5, 2.5J, and 5.04 per cente 1n awn ' group, awn 2 group 
and the entire family reepectiyely. 
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